INTRODUCTION
A surgical site infection (SSI) is a type of hospitalacquired infection that arises following surgery and is specifically related to the surgical site. Patients who develop an SSI are more likely to have an extended hospital stay, which results in additional healthcare costs. Indirect costs, such as productivity, further add to the burden of SSI.
The aim of this review is to summarise recent evidence pertaining to the clinical and economic burden of SSI in Korea. This systematic review will follow the general format of the publication by Leaper et al. [1] which describes the epidemiological and economic burden of SSI in Europe.
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METHODS

Literature search
In order to identify relevant epidemiological and economic data for this review, a systematic search of the literature was undertaken. A search of Embase (which includes the EMBASE and Medline databases) and a Korean medical journal database (KoreaMed) was conducted.
Separate searches were conducted to identify epidemiological and economic data. The search was limited to the last 15 years (1995 to 2010) to ensure the relevance of these data. The search strategy and results are presented in Table 1 .
Identification of studies
There were 1,206 unique citations identified from the literature search. The titles/abstracts of all citations were reviewed to identify publications most relevant to this systematic review. The following exclusion criteria were applied to determine eligibility:
1. Does not describe the rate, incidence, prevalence, bur den or cost of SSI.
2. Describes the effect of an intervention to reduce SSI.
3. Not conducted in Korea.
4. Not conducted in a hospital setting.
5. Includes ＜90 patients/procedures.
Following application of the exclusion criteria to the titles/abstracts, 32 publications were retrieved for full text review. Following detailed assessment of these publications, a further six were excluded leaving 26 studies.
Data extraction and analysis
SSI data from the 26 included studies were compiled into data extraction tables. The overall incidence of SSI was recorded, as well as the incidence of SSI by surgical proce- POSSUM (physiological and operative severity score for enumeration of mortality and morbidity) score was developed to predict post-operative mortality and morbidity rates.
b)
Includes surgery of the colon, rectum, small bowel, hepato-biliary-pancreas, stomach and appendix. Includes cardiac, colon and gastric surgery, hysterectomy, hip/knee replacement surgery. [3] Any inpatient surgical procedure 1 30 days post-operation 51/527 (9.7%) Lee et al. [19] All surgical procedures a) 1 30 days post-operation 15/761 (2.0%) Lee et al. [5] All surgical procedures b) 1 30 days post-operation 33/1239 (2.7%) 27 (pre-discharge) 6 (post-discharge) Park et al. [6] All procedures in surgery department 1 30 day post-operation 52/1007 (5.2%) Sakong et al. [7] Five surgical procedures Includes orthopedic surgery, plastic surgery, general surgery, neurosurgery, chest surgery, obstetrics and gynecology, otolaryngology and ophthalmology. 
RESULTS
Characteristics of the included studies
A summary of the characteristics of included studies is presented in Table 2 . The majority of the studies were retrospective cohort studies investigating SSI or wound infection following a range of hospital surgical procedures.
There was significant variation in the size of the populations investigated, with the number of patients included ranging from 94 to 85,547. There were also differences in the surveillance period, which is likely to influence the opportunity to detect a SSI. SSIs were most commonly defined and classified using the CDC criteria.
Prevalence of SSI in Korea
None of the studies included in this systematic review reported the prevalence of SSI in Korea. However, the multicentre study by Kim et al. [2] , involving 15 hospitals, reported that the prevalence of nosocomial infection was 3.7% in 2000, with SSIs accounting for 17.2% of all nosocomial infections.
Incidence of SSI in Korea
As shown in Table 3 , five included studies reported the overall incidence rate of SSIs [3] [4] [5] [6] [7] . Each study followed up patients who had undergone a variety of different surgical procedures. Four of the studies examined the incidence of SSI at a single hospital [3] [4] [5] [6] during a 30 day post-operative observation period, while one study examined the incidence of SSI across 20 hospitals during a one year post-operative follow-up period (Sakong et al. [7] ). The incidence of SSI ranged from 2.0 to 9.7% across the five included studies.
Incidence by surgical procedure
As shown in Table 4 , the incidence of SSI varied by surgical procedure. To facilitate comparison, groups were divided into four broad categories, namely, cardiothoracic surgery, orthopaedic surgery, gastrointestinal surgery, and other surgical procedures.
There were seven studies that reported SSI following cardiothoracic surgery [8] [9] [10] [11] [12] [13] . Surgical procedures investigated included open-heart surgery, sternotomy, nuss procedure, off-pump coronary artery bypass, thoracotomy for pulmonary aspergilloma and non-specific thesurgery.or.kr Cardiothoracic surgery Chang et al. [8] Open-heart surgery NS 12/123 (9.8) Chang et al. [9] Sternotomy NS 15/157 (9.6) Chung et al. [10] Nuss procedure NS 14/630 (2.2) Song et al. [11] OPCAB Pre-discharge only 4/100 (4.0) Park and Jheon [12] Thoracotomy for pulmonary Over 1 month post-operation 4/110 (3.6) aspergilloma Sakong et al. [7] Cardiac surgery 30 days to 1 year, unless lost to follow-up 9/304 (3.0) Choi et al. [13] Cardiovascular surgery 30 days post-operation 10/222 (4.5) 8 (pre-discharge) 2 (post-discharge) Orthopaedic surgery Choi et al. [14] Hip joint replacement surgery 1 month post-operation 3/227 (1.3) Knee joint replacement surgery 1 month post-operation 3/209 (1.4) Kim et al. [15] Hip prosthesis 1 year post-operation 6/342 (1.8) Knee prosthesis 1 year post-operation 5/453 (1.1) Sakong et al. [7] Hip or knee replacement 30 days to 1 year, unless lost to follow-up 15/597 (2.5) Gastrointestinal tract surgery Kim et al. [16] Biliary surgery NS 5/109 (4.8 ) Lee et al. [17] Gastrectomy in cirrhotic patients NS 10/94 (10.6) Lee et al. [18] Endoscopic gastrostomy 2 weeks post-operation 19/134 (14.2) Lee et al. [19] Endoscopic gastrostomy Mean of 26 days (range, 7 to 63 days) 37/116 (31.9) Hong et al. [20] Bowel surgery in Crohn's disease At least 1 month post-operation 6/160 (3.8) Jeong et al. [21] Abdominal surgery 30 days post-operation 17/347 (4.9) Kim et al. [15] Gastrectomy 30 days post-operation 22/499 (4.4) Kim et al. [22] Peptic ulcer surgery 30 days post-operation 20/112 (17.9) Lee et al. [19] Colon and rectum surgery 30 days post-operation 7/113 (6.2) Hepato-biliary-pancreas 30 days post-operation 3/128 (2.3) Appendix surgery 30 days post-operation 3/193 (1.6) Park et al. [23] Laparoscopic gastrectomy 30 days post-operation 21/300 (7.0) Sakong et al. [7] Colon surgery 30 days to 1 year, unless lost to follow-up 18/537 (3.4) Gastric surgery 30 days to 1 year, unless lost to follow-up 29/589 (4.9) Other surgical procedures Kim et al. [24] Craniotomy 30 days post-operation 31/1020 (3.0) Lee et al. [25] Limb salvage surgery in 1 year post-operation 41/371 (11.1) osteosarcoma patients Sakong et al. [7] Hysterectomy 30 days to 1 year, unless lost to follow-up 15/897 (1.7)
NS, not stated; OPCAB, off-pump coronary artery bypass.
cardiac and cardiovascular surgery. The incidence of SSI ranged from 2.2 to 9.8%, with the highest incidence of SSI occurring in patients who had undergone open-heart surgery [8] and the lowest incidence in those undergoing the nuss procedure [10] . Choi et al. [13] reported an incidence of SSI of 4.5% following cardiovascular surgery, of which, 80% (8/10) occurred pre-discharge and 20% (2/10) post-discharge from hospital.
The three included orthopaedic studies examined knee or hip replacement surgery with patients monitored for up to one year post-operation (Table 4) . Overall, the incidence of SSI was lower for patients undergoing orthopaedic surgery compared to those undergoing cardiothoracic surgery. The incidence of SSI ranged from 1.1 to 2.5%, with low variation between surgery types and duration of follow-up [7, 14, 15] .
The majority of the included studies in this systematic review examined SSI following gastrointestinal tract surgery [4, 7, [15] [16] [17] [18] [19] [20] [21] [22] [23] . Overall, the incidence of SSIs was generally higher and the range of rates was larger for patients [19] All surgical procedures 30 days post-operation 0% (0/227) 1.4% (2/138) 1.8% (6/341) 12.7% (7/55) Lee et al. [5] All surgical procedures 30 days post-operation 2.6% (15/585) 1.3% (7/579) 6.1% (2/33) 12.5% (9/72) Lee et al. [4] for patients undergoing appendix surgery (1.6% after 30 days follow-up). In contrast, Lee et al. [19] reported that 31.9% of patients undergoing endoscopic gastrostomy experienced a SSI up to 2 months after surgery.
Although the range of SSI rates was larger than rates from other surgery types, the majority of studies still reported SSI rates less than 7 .
Among the included studies investigating SSIs following other surgical procedures, Kim et al. [24] , Lee et al. [25] and Sakong et al. [7] examined craniotomy, limb salvage surgery in osteosarcoma patients and hysterectomy, respectively. The incidence of SSI up to one year following surgery was 3.0%, 11.1% and 1.7%, respectively.
Classification of surgical site infection
As shown in Table 5 , three studies reported information on the classification of SSI [6, 15, 24] . In patients undergoing general surgery, the majority of SSIs occurred in superficial tissue (53.8%) [6] . In contrast, organ/space SSIs were most frequent following craniotomy and gastrectomy [15, 24] . The incidence of superficial, deep and organ/space SSI appeared to be similar among patients undergoing hip and knee replacement surgery. However, due to the small number of SSI cases observed for these surgeries, N = 6 and 5, respectively, the results should be interpreted with caution.
Incidence by wound classification
The incidence of SSI by wound classification is shown in thesurgery.or.kr Includes diabetes, hypertension, heart/liver/renal disease.
c)
Includes cardiac, colon and gastric surgery, hysterectomy, hip/knee replacement surgery. 
Incidence by NNIS risk score
Four studies included in this review compared the incidence of SSI between NNIS risk categories (Table 7) .
Overall, the results showed that the higher the NNIS risk score, the greater the risk of SSI. In a study by Choi et al. [14] , the incidence of SSI in those with a NNIS risk score of 0 and 1 following hip replacement was 1.2% and 1.6%, respectively. In the same study, the incidence of SSI for NNIS risk score 0 and 1 following knee replacement was 0.6% and 3.9%, respectively. A similar trend was observed in the studies by Kim et al. [15] and Kim et al. [24] that examined SSI following a variety of surgery types.
Risk factors associated with SSI in Korea
The risk factors for SSI are shown in Table 8 . Nine studies included in this systematic review examined the association of specific risk factors with the incidence of SSI.
Only factors which showed significant association with SSI through multivariate analysis were included, as univariate analysis does not take into account the possible confounding effects of other variables.
Patient-associated factors
Diabetes was identified as a patient-associated risk factor in three studies. Kim et al. [26] reported that following lumbar spine surgery, patients with a mean blood glucose level greater than 200 mg/dL at 48 hours post-surgery had a significantly higher incidence of SSI (P ＜ 0.05, effect estimate not reported). Lee et al. [19] and Lee et al. [18] examined patients undergoing endoscopic gastrostomy. Type 2 diabetes was significantly associated with an increased risk of SSI in both studies (odds ratio [OR], 5.21; P = 0.001 and OR, 6.51; P = 0.001, respectively). Similarly, Jeong et al. [21] and Park et al. [23] both reported that co-morbidities (e.g., diabetes, hypertension, cancer) significantly increased the risk of SSI in patients undergoing abdominal surgery (OR, 5.4; P = 0.011) and laparoscopic gastrectomy (OR, 2.38; P = 0.018).
Lee et al. [5] showed that surgical patients with dirty infected wounds were at increased risk of developing SSIs, compared to surgical patients with clean wounds (OR, 6.51; P = 0.001). The incidence of SSI was associated with cerebrospinal fluid leaks (OR, 4.86; P ＜ 0.05) and a Glasgow Coma score of ＞8 (OR, 6.51; P ＜ 0.05) in patients undergoing craniotomy [24] , while leukocytosis increased the risk of SSIs among patients undergoing endoscopic gastrostomy (OR, 3.15; P = 0.021), Lee et al. [19] .
Procedure-associated factors
Kim et al. [27] conducted a meta-analysis of eight studies and found that the use of laparoscopy instead of open surgery for appendectomies reduced the risk of SSIs (OR, 0.33; 95% confidence interval, 0.20 to 0.55). Lee et al. [19] and Sakong et al. [7] showed that the absence of antibiotic prophylaxis and administration of antibiotics ＞1 hour before surgery significantly increased the risk of SSI (OR, 
SSI associated mortality
Only one study identified in this review examined the incidence of SSI-associated mortality. A study by Lee et al. [25] found no significant differences in the 5-year survival between patients with deep wound infections compared to patients with no infection following limb salvage surgery for osteosarcoma (88.9% vs. 82%, P = 0.49).
Pathogens associated with SSI in Korea
Ten of the included studies, comprising a range of surgical procedures, reported information on the pathogens present at the SSI ( Table 9 ). The pathogens most commonly 
Economic burden data
Extended hospital stay
A substantial portion of the economic cost of SSI is attributable to increased length of hospital stay. As shown in Table 10 , this review identified four studies that examined the association between hospital stay and SSI.
Ahn and Shong [3] reported that following inpatient surgery, thesurgery.or.kr patients with SSIs experienced a significantly longer stay in hospital (31.8 days vs. 11.5 days, P ＜ 0.001). Similarly, Park et al. [6] reported significantly longer post-operative stays in patients with SSIs (14.15 days vs. 8.96 days, P = 0.019). Chang et al. [8, 9] reported that intensive care unit stay was longer in patients with SSI following sternotomy and open heart surgery, respectively.
Cost of surgical site infections
Hospitalisation cost associated with SSI for patients undergoing general surgery at Severance Hospital in Seoul was reported in a publication by Park et al. [6] (Table 11 ).
The cost of hospitalisation was, on average, ￦2,153,964 higher in patients with SSI, compared to patients with no SSI (P = 0.045). A substantial portion of the increased cost was due to hospital room costs and the need for additional medication. The authors noted that the costs are likely an underestimation of the actual economic cost of SSI, as only hospital expenditure data were considered. In a study by Ahn and Shong [3] , the cost of antibiotics in patients undergoing inpatient surgical procedures was ￦735,155 (SD, 526,336) among those who developed an SSI, compared to ￦174,087 (SD, 171,326) for patients without SSI.
The increased cost of antibiotics among patients with SSI was found to be statistically significant (￦561,068 P ＜ 0.001).
DISCUSSION
The overall incidence of SSI in Korea ranged between 2.0 to 9.7%. The wide range may be due to differences in the types of surgical procedures examined, or the levels of risk factors in the patients included in the studies. In particular, surgery involving the gastrointestinal system was generally associated with higher rates of SSI. Patient-associated risk factors such as diabetes, wound conditions and patient health were associated with a significantly greater risk of SSI. Similarly, procedure-associated factors such as antibiotic treatment and surgery duration were also found to influence the risk of SSI.
There are a number of limitations with this review. The inclusion of studies was assessed based on the information Comparing patients with mediastinitis to those with no infection. However, some studies only assessed SSI prior to discharge [11] , while others conducted follow-up over one year [25] . With a substantial portion of SSI often occurring after discharge from hospital, studies that do not conduct post-discharge surveillance are likely to underestimate the incidence of SSI. As shown in the studies by Lee et al.
[5] and Choi et al. [13] , approximately 20% of SSIs occurred post-discharge. The manner that data is collected (e.g., method of post-discharge surveillance) influences the accuracy of the estimates, which in turn compromises inter-study comparisons. For example, in the studies by Kim et al. [24] and Kim et al. [15] , patients who did not return for outpatient checks after discharge were contacted by telephone by infection control nurses. In comparison, Jeong et al. [21] derived post-discharge information solely thesurgery.or.kr from the patients' medical records. The use of antibiotic prophylaxis has been shown to be significantly associated with risk of SSI [7] . Consequently, studies that do not consider or account for the use of antibiotic prophylaxis may result in biased estimates, making their comparison between studies inappropriate.
SSIs represent a substantial economic burden, mainly attributable to the extended length of stay in hospital. In Korea, the incremental cost of an SSI is estimated at ￦2,153,964 (approximately US$2,025) [6] . In comparison, the cost per case of SSI in Japan has been estimated at approximately US$1,600 in patients undergoing colorectal surgery [28] , while in Australia, the cost per case of SSI is estimated at US$2,200 [29] . In addition, SSIs result in the loss of productivity in patients and carers. As reported by two studies in this review [5, 13] , a significant proportion (-20%) of SSIs was identified after discharge from hospital. 
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